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COAL-TAR PRODUCTS, AND THE POSSIBILITY OF INCREASING 
THEIR MANUFACTURE IN THE UNITED STATES. 


By Horace C. Porter. 


INTRODUCTION.2 


Popular interest in coal tar is centered mainly in dyestuffs and the 
other refined drugs and chemicals derived from it. The United 
States for commercial reasons has developed little manufacture of 
these products, and has been dependent upon European nations for 
the bulk of her supply. 

In considering why this condition exists there must be borne in 
mind the fact that only a small part of coal tar (about 10 per cent) 
can be made into drugs and dyes. The other 90 per cent, suited only 
for the manufacture of pitches and various heavy oils, forms the basis 
of an industry already well developed in the United States. Increased 
development of an industry based on only 10 per cent of the tar or 
on 0.5 per cent of the original coal must depend, in important measure, 
upon advantageous commercial disposal of the other 90 per cent 
of the tar or the other 99.5 per cent of the coal. 

Coal tar, however, is not the only source of what are commonly 
known as ‘‘coal-tar” dyes and drugs. So-called ‘“‘gas benzol,” 
or light oil, which is abstracted from coal gas, and is therefore, like 
tar, a by-product of the carbonization of coal, constitutes an important 
commercial source of these refined products. High-grade gas coal 
yields nearly 1 per cent of ‘‘gas benzol”’ by weight, the value of which 
in the crude state is fully 20 per cent of that of the coal; the light oil 
of tar, on the other hand, constitutes only 0.1 to 0.2 per cent of the 
coal. ‘‘Gas benzol,” unlike tar, has no constituents that can not 
be utilized in the making of dyes and refined chemical preparations. 

About 25 per cent of the combined yield of tar and ‘benzol” 
may be made into the dyes, drugs, and refined chemicals for which 
America has heretofore practically depended on Germany. The 
gross market value of these refined products made from the 25 per 
cent portion is probably at least twice that of the pitch and heavy 
oils recoverable from the 75 per cent portion. On the basis, there- 
fore, of comparative values of products, the manufacture of refined 
‘‘coal-tar chemicals” appears to be an exceedingly important off- 
shoot of the coke and gas industry. 

Chemical Society, charged with investigating the feasibility of expanding the coal-tar industry in the 
United States, published a report in the Journal of Industrial and Engineering Chemistry, vol. 6, Decem- 
ber, 1914, p. 972. A paper on ‘The industry of the coal-tar dyes,” by B. C. Hesse, appearing on p. 1013 
of the same volume of that journal, discusses the commercial and industrial aspects of the present 


situation. Large shipments of dyestuffs were received at New York in November, 1914, from Germany 
via Rotterdam, relieving considerably the shortage in those materials. 5 
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The United States has the raw material, namely, high-grade coal, 
in great abundance and of a kind well suited for making all the tar 
products consumed in the country. Commercial and economic 
conditions pertaining to the industry have prevented development 
of the manufacture of dyes and other refined products, but have 
fostered a well-developed industry in the manufacture of heavy tar 
oils and various pitches. 

In the calendar year 1913 the United States produced about 
150,000,000 gallons of coal tar and 7,500,000 gallons of ‘‘gas benzol,’’ 
less than 500,000 gallons of tar being imported. The output of 
bituminous coal, the source of coal tar, was somewhat more than 
475,000,000 tons. Germany, with a coal output of only 295,000,000 
tons in the same year, produced more than 250,000,000 gallons of 
coal tar and about 50,000,000 gallons of benzol, 3,500,000 gallons of 
tar being imported. 

Evidently, in the utilization of coal to make tar and “‘benzol,’’ 
the United States is far behind Germany. Also, in the utilization of 
tar and “‘benzol”’ to make the most refined and valuable products, the 
United States lags behind. Germany exported in the fiscal year end- 
ing June 30, 1913, coal-tar dyestuffs worth over $55,000,000, whereas 
the United States in the same year imported dyestuffs worth 
$10,000,000, practically the entire consumption. 

In the present emergency—the interruption of trade by the 
European war—imports of coal-tar products to the United States 
are largely reduced. American business men and consumers are 
asking: Have we enough of the raw materials to make these products ? 
Can we manufacture and sell them without loss? 

The Bureau of Mines, in its investigations looking to the increase 
of efficiency and the prevention of waste in the use of the Nation’s 
mineral resources, issues this paper in order to point out the present 
opportunity for developing some industries that hitherto have been 
comparatively neglected in this country. 


RAW MATERIALS AVAILABLE. 


Two raw materials are the sources of the so-called ‘‘coal-tar 
products,” namely, crude coal tar itself, and light oil or “‘benzol’”’ 
stripped from coal gas. It is safe to say that of the total value of 
coal-tar products used in this country fully one-half is of products 
which may be made commercially from ‘‘benzol.”’? Moreover, the fact 
that tar contains over 65 per cent of pitch and at least 20 per cent of 
other constituents not adapted for making dyes and refined prepara- 
tions, whereas crude ‘‘benzol’’ contains practically no such constitu- 
ents, greatly enhances the importance of “‘benzol”’ as a raw material. 
These raw materials are obtained as by-products of coke and gas 
manufacture in by-product ovens and gas retorts. 


aSee Parker, E. W., Production of coal in 1913: Mineral Resources of U. S. for 1913, U. S. Geol. 
Survey, 1914, p. 711. 
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The quantity of coal coked in the United States in 1913 was 
somewhat over 69,000,000 tons,* and the quantity used in the manu- 
facture of coal gas in gas retorts was about 4,000,000 tons. With 
average yields, 7 gallons of tar and 14 gallons of ‘‘benzol’’ per ton, 
this amount of coal was capable of yielding as by-products of coking 
511,000,000 gallons of tar and 109,500,000 gallons of ‘benzol.” 
Such amounts of these materials would suffice to produce a very much 
larger quantity of coal-tar products than was used in this country 
in 1913. The tar and ‘‘benzol” produced from American coal need 
not be in any way inferior to those produced in Europe. 

This country produces, however, less than one-third of the quantity 
of tar and about 7 per cent of the quantity of ‘“‘benzol” just named.” 
About 75 per cent (in round numbers 52,000,000 tons) of the coal 
made into coke in the United States in 1913 was coked in beehive 
ovens, with total loss of by-products; and of the remaining 25 per 
cent, 17,000,000 tons, coked in by-product ovens probably less than 
one-quarter was treated so as to recover ‘‘benzol.” 


SUPPLY OF COAL SUITABLE FOR BY-PRODUCTS MANUFACTURE. 


In addition to the coal remaining in the great fields of coking coal 
in western Pennsylvania, which produce over 60 per cent of the coke 
made in the United States, this country has an entirely adequate 
source of tar, “‘benzol,” and other by-products in the coking coals of 
other districts. Coal fields in West Virginia, Virginia, and eastern 
Kentucky which now supply many by-product coke ovens and gas 
works may be drawn on, if necessary, for much more coking coal than 
they now produce. Most of the western Pennsylvania coals, if coked 
in by-product ovens, will yield good coke and by-products, so that 
on the basis of the supply of high-grade coking coal available there 
seems to be no reason why the use of by-product ovens should not be 
extended so as to yield whatever tar and “‘benzol” are required. 

In addition to the high-grade coking coals, there are produced in 
the United States certain other coals the analyses of which indicate 
possibilities for the production of good yields of tar, ‘‘benzol,” gas, 
and ammonia, with medium-grade coke or semicoke as the by-product. 
In Table 1 are given analyses of a number of coals compiled from 
Bulletins 22° and 85¢ of the Bureau of Mines, certain of the coals 

‘being high-grade gas coals now used for making gas, and others being 
coals that give much promise for gas and coke manufacture with 
recovery of by-products. 

aSee Parker, E. W., Manufacture of coke in 1913: Mineral Resources of U.S. for 1913, U. 8. GeoL 
Survey, 1914, p. 471. 

» Lord, N. W., Analyses of coals in the United States, with descriptions of mine and field samples collected 
between July 1, 1904, and June 30, 1910, with chapters by J, A, Holmes, F, M. Stanton, A. C. Fieldner, and 
Samuel Sanford. 1913. 1,200 pp. 


¢ Fieldner, A. C., Fay, A. H., Smith, H. I., and Sanford, Samuel, Analyses of mine and car samples of 
coal collected in the fiscal years 1910 to 1913, 1914. 440 pp. 


Google 


COAL-TAR PRODUCTS. 


“STA OATYOO [BIUOUTTJOdxe UT eYOO Pood Aye} Poplar é sux 4Nq ‘ayoo Jo eNORMNUEMT [efoIBMIUIOD 10) pesn jou Fy 


«~ Google 


e 


z 


Digiti 


“sjonpoid-q pus se3 jo pay ysy JO AzIT]qQuqoud sayBoIpUy S|SATeUY ¢ *[BOO S83 0} Ho 
“SUD Z "ON 
88 [et LoL) T's | et | 89 jee [see jot [or  |:-***-odures our | 10 yoos puvysy |-**"*- “-uaplon |** "777 "=" 7" uBao'T 
A'S | PT | b'82)0'9 | 2° |e [Tso | eee | 6% [OT furor 'ofduresavy |------- apse wAy |--“-UINTY UTD | “Os UT 
8 1ST lew) oe 1s |Z lope | t'st joe let lett pasado baa £°ON SvjmoTBOOg |*****--BUOsTy | ~"TeAoqow 
99 Jot |eeslos jz: [oe lowe, [rer [ee [ge fecceeeet em opreecfeee te n= Aoryoog |- . UBIO 7 
eh o'r 9% a ¢° 6% 8°89 19% ze ard --***-91dures oul nee ee ecccees Tease | ae. *-910ABT 5 
99 |OT |8'22/6% 16° | 68 |o'19 | o's |o'T | 9° ‘ut ‘o wt ‘ajdures avy |-*-qs0do01g Jedd y Z **U0jSe1g £ 
obescclescocs bh) Rt og 0'8 ¢°¢9 £5 |e 2 eee eee Suyutueyyr wPaMoT [ot seu0yy, | -"-yayon, rs 
16 | FT [62 ) 89 | 2° |oo |F99 Jose lose |or | “7 > "ypsuoUORy [°° ==" & 
26 {1% |sz91o'9 |o° Joor]zoe |e jz lee “**opwuoqsey |-*"**** 5 
Ler] et | Les | o° [Ser |e | ree [82 | 89 = furor ‘ajduresaey |----------*"udpsoy |7-7- 777 uAysoxy | 
StI S't | 969) s'9 | 9° | Lor lees jew 2s | ee “oyurunbaoug |---*- "77777 *" 
Ts |ot jeuzie9 | 2° 19°99 |es¢ [tee [ew |e 901g 
8°0 | FT | Tos ]e's |9° |8'o | ree jose [sz | st 
Hh JS aan FS 9 |e leon lio lio lee 
Ber} OT | 2:02] 9°9 |S" | 8t jo [owe |e | oT 
8'¢ J8T | be. /6% | St | Sir] bzg | sse jos | 69 or" **puBrgory |” 
Or} 9'T | toz| ee |e [86 lots foes |oe lew “uyeyunoyy Aysnig. |° 
fOr} 9T [O's] ss | TT |8'9 | ese joze |6%@ | ot  |--****eduresourpy |--°-*77* 77777 xoy 9179/0) BT 
66 |ZT |6eL]o'e | 2 |e |eze |sse | 2% | ee  |peqsem‘ordurus seg |---------- soumamag | -*"~ quoulyeog 
8°) |/Z'T |9'08|6'% |o'% |9°9 jee Jost |oe | Te frtttt ttt copt “suTUUBITY 1eao'T |" *--apepuoyuTA | 
TL |€'t |86L]O'9 jet [oe |ez9 Joes foe lez “**qaodoerg reddy |*-+-**--s0utATQ |- 
COL} St | tez)/6% |6° [2s {ese jou jie | 2 Reis teagan) eta is aT TASTouUO) 
w8 |ST |osz}e's | 6° [19 |6799 | owe |e | ot | seao ‘ofdures ap |----->--7--- Ope ss i\rcse" WyOMstg |*-" 777" wo ysuryse Ay |°***** “oO 
96 |e level te [tt les [roe lee lee |p  |um-o-saduresaes [----------- op:-*--|--+=-atumuagy |----puwporounsaay fee vod 
S'S [2:0 See e9 Vet fete: pres: [eee Poe fee eeset stp soprrn sii tetens ysmasytg |" weaaey yoog |--**"-*** AuoyserTy | o eruva {smu 
96 | 6 |9oz] 299 | oT 16% |eee |e9e Joe | et ausroysyeH JMO] | *“aus0ysey | ~-dngsind | **"q BUOYRTYO 
rorjet |pozles {2 Jeer|csr lace lee [op feeeeeeeeeecropeeee {oe ceee tee wows |o---- = aoRAer, |r": =p COMO MON 
os let |etelee jo [ze leas [orc let |gr [recececerscoprecesbeceseeene n= Opt see|eceeee aaTTerr 
66 | ST | Tos] he |o° |9% [o's | ese joe | zt 17 mousy teddy j--7---- sure |° 
Tot | FT (Pug; eo | be |S |eos |eee [ez |s-¢ dg) ¢ ‘ON |"**"Sanqstuey | 
OUT} ET | Te9]e9 | tt | 98 | ssh | ose Js | Fe “***(UplJeH) 9 "ON [To Jassag |- 
OTT IT SL wa PPS Pek ewe: i oge: Ose [psy [eseresesrststapsnsss|ere=eeescersasees ses “eINg poser | 
OI] FT [OTL | T'S | 9° |sor]| ize jese [ee | 1% “7* ¢ BNBVOC 5, |--** 7" wenseped | 
Hed oh Rye 9) FY I A rtilte |rse leze lee let seeee[-+++*+-Booayoodgy [-------= sapapag {+ 
SO 19 SIS Se: Set ee. | 8390 ree. Tee Por” [estsesheetcapss=es|a sere sae aeons Weg Ww 
e'2 | 9'T |e eL/ 8 [8° | Tir) ses |eo joe ler | “oary Avy [WT 
Dh AS aL A eo (26 Jt l|ese lee lee | “suyor 
mu ajdures : . ‘ 
‘uo | ued | -woq bd “anyd] . “uoqieo Alas ef0T | gsrnoo ped PASIAN 
xo porn] =o | Teh | mas | “EV posta | m8) | adm | 72 801 
Ip-aTV ‘afdures Jo uI3119 
~SIOW 
(uppers “0 “vy Aq paduo9) 
spjeyf 1009 snoyuva wousf syp09 svb pun buyyoo fo (#1909 «4 P9019004 8D ,,) sashyDuD poOVWIYD—T ATAVL 


91 600b-pd#asn ssaode/bso*ysnsitTy ey mmMm//:dijzYy / pazTt THTp-a boo ‘utewog IT qGng 
GEvO66SOTOTZE Afu/szzoz/Jou'aypuey*ypy//:sdiiy / IW 6S:PL 8Z-60-7ZOZ UO paj}essuag 


PRINCETON UNIVERSITY 


PRODUCTION AND DISPOSAL OF COAL TAR. 9 


As it is plain that there is not likely to be any shortage of suitable 
coals in this country, the growth of the by-product industry will be 
controlled by commercial considerations. The greater simplicity and 
cheapness of the beehive oven, for equal output of coke, makes 
necessary a less outlay of capital than for a by-product-oven plant; 
coal-mine or blast-furnace operators using beehive ovens are saved 
the bother of handling and marketing by-products of coke making; 
and, whether reasonable or not, an opinion is commonly held that 
for high-grade metallurgical coke most of the high-volatile coals 
require mixing with a certain percentage of low-volatile coal in the 
by-product oven, thus necessitating the use of two grades of coal and 
the shipment of one or both for a considerable distance to the coking 
plant. Notwithstanding these factors, the number of by-product 
ovens has steadily increased in this country in recent years, and 
the proportion of by-product coke produced rose from 17.1 per cent 
in 1910 to 27.5 per cent in 1913. 

The gross value of the by-products (estimating dyestuffs, etc., in 
the form of crude intermediate products) wasted by beehive coking 
in this country in 1913 was over $75,000,000. 

The economic production of tar and benzol in the by-product coking 
process is impossible without advantageous disposal of the coke, gas, 
and ammonia also obtained. This fact, together with those stated 
above, will prevent any sudden rapid increase of by-product coking 
in this country as an outgrowth of an emergency such as the present. 
In order to supply any immediate, largely increased demand for 
coal-tar products, the raw materials must be obtained through an 
increased recovery of benzol, and possibly tar, at existing coke plants, 
in the establishment of new coal distillation processes, or in the re- 
covery from the tar of certain valuable fractions not now utilized ta 
the best advantage. 


PRODUCTION AND DISPOSAL OF COAL TAR. 


Of the total coal-tar production of the United States in 1913 
(150,000,000 to 155,000,000 gallons), about 75 per cent (115,145,000 
gallons) was made in by-product coke ovens. The balance was 
obtained as a by-product in the manufacture of coal gas in gas 
retorts. 

The increase in the total production in one year, 1912 to 1913, was 
about 13 per cent, and the aggregate increase during the four pre- 
ceding years, 1908 to 1912, had been 33 per cent. Evidently there 
is a growing demand for coal tar and its products aside from that 
occasioned by the present interruption of trade by the war. 

77928° —15——2 
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There are other small sources of coal tar, such as gas producers 
in which bituminous coal is used. These sources, however, are not 
likely soon to become a large factor in the supply. 

Oil and water-gas tars formed from the petroleum used in the 
manufacture of gas were produced in the United States in 1912 to the 
amount of 33,930,000 gallons. These tars are thinner than ordinary 
coal tar but contain many of the same constituents, such as benzene, 
toluene, xylene, naphthalene, and anthracene, in smaller proportions, 
and may contribute a little to the raw material of some of the refined 
products described below, as the demand for raw materials increases. 

Coal tar is separated by distillation into a number of fractions, 
each of which serves as the base for the manufacture of certain 
refined chemical products. Table 2 shows the proximate composition 
of average coal tar, including gas-retort tar (not from vertical retorts), 
and coke-oven tars from various types of ovens. The different tars 
vary widely in composition because of different operating conditions 
in the ovens or retorts, and many individual samples differ widely 
from the average given. 


TaBLe 2.—Fractions of average coal tar and their uses. 


First crude separa- | Light oil..........-. Middle oil (or dead | Heavy oil (includ- | Pitch. 
tion by distillation. oil). nk anthracene 

oil). 

Temperatures of dis- | 70°-160° C.......-... 160°-230° C........ 230°-360° C........ Above 360° C. 
tillation. 

Percentage in tar,....| 3...--....--.-..-----| 8...... 24; saasia.scacdNsaoas 65. 

Intermediate prod- | Benzene, toluene, s, | Cresols, naphtha- | Soft piteh, hard 
ucts, by distillation xylene, etc.; phe- ete.; 9 naphtha- lene, anthra- pith: 
or expression. nol. lene, heavy hy- cene; heavy hy- 

drocarbons. |  drocarbons; qui- 
| noline bases. 

Crude commercial | “‘Benzol’? and_ sol- Creosote oil. Pitch, briqueting, 
products and their vent naphtha for Lamp black. protective paints. 
uses. solvents, paint | Disinfectants...... Road oils, impreg- 

thinners, motor fu- nation of timber. 
el, gas enrichment. Roofing tars. 
Paving tars, 

Intermediate chemi- | Nitrobenzene, ani- | Carbolic acid, pic- | Anthraquinone, 
eal products. line salts, aniline ric acid, phthalic alizarin. 

oil, carbolic acid. acid, naphthols, 


naphthylam- 
ines, salicylic 
acid. 

Picrie acid, pic- | Alizarin dyes. 
rates, and other 
nitro-com- 
pounds for ex- 
plosives; naph- 


Refined chemical 
products, dyes, ete., 
and their uses. 


quinone and other thol dyes and 

photographie de- colors, artificial 
. velopers; drugs indigo, refined 

and medicines. carbolic acid. 


Whenever commercial conditions favor the manufacture in this 
country of refined tar products, certain of the crude separations 
now practiced may be modified so as to render available more of 
the intermediate substances desired for this manufacture. For 
example, the creosoting oils as manufactured contain higher phenols, 
naphthalene, and anthracene, which might be extracted for other 
purposes if there were a demand. 
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PRODUCTION AND DISPOSAL OF ‘‘ BENZOL.’’ 11 


In considering new sources of supply of coal tar, regard must 
be had to certain new processes of coal distillation, notably low- 
temperature or moderate-temperature carbonization. By distilling 
at 600 to 800° C. coals that coke moderately well, such as are to be 
had in abundance in the middle west, the southwest, and in the Rocky 
Mountain fields, excellent yields of tar may be obtained with fair 
yields of ammonia and fuel gas. The semicoked solid residue has 
promise of profitable use as a locomotive or domestic smokeless fuel 
in competition with anthracite coal. 


PRODUCTION AND DISPOSAL OF “BENZOL.” 


Light oil or ‘“‘benzol,”’ stripped directly from coal gas, is produced 
in this country in moderate amount. Exact statistics of output 
are not available, but an estimate based on certain reliable data 
places the production not utilized in gas enrichment by the pro- 
ducing company itself as under 4,500,000 gallons during the year 
1913. 

As stated in a previous paragraph, the possible production of 
“‘benzol,”’ if the recovery process were applied to all the coal made 
into coke and gas in this country, would be over 100,000,000 gallons. 
New ‘“‘benzol’’-recovery plants now being constructed in connection 
with by-product coke ovens will add probably 2,000,000 gallons to 
the annual production. 

That in the immediate future all the coal gas or coke-oven gas 
manufactured will be made to give up its “benzol” for purposes 
of chemical manufactures, is hardly to be expected. Benzene and 
its homologues are illuminating constituents of gas, and in: many 
cities the maintenance of a minimum illuminating power for gas 
is required by State law. Therefore, at retort gas-making plants 
that furnish gas for municipal purposes, the extraction of ‘“ benzol’’ 
from the gas is not likely to be introduced until the standard 
of illuminating power gives way to that of heating value. Such 
a practice would be entirely possible, however, if the demand for 
“‘benzol”’ should justify it, since iluminants derived from petroleum 
or other oils could be used to replace the ‘“benzol.”” Owing to the 
steadily decreasing use of flat-flame jets and the increasing use of 
mantles, the requirement of a minimum illuminating power for 
gas has been already discarded in some States and will undoubtedly 
soon pass out of general use. 

Not over 20 per cent of the total gas made in by-product coke 
ovens in 1913 (about 150,000,000,000 cubic feet) was devoted to 
public lighting supplies, so that the remaining 80 per cent could 
have been stripped of its “‘benzol” had a sufficient demand existed. 
It is to be noted that the entire make of gas at a coke-oven plant 
may profitably be stripped of its ‘‘benzol,” although 50 to 60 per 
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cent of the gas may be returned for burning in the oven-heating flues. 
On the basis of the present tonnage of coal made into by-product 
coke the practicable total production of ‘“benzol” from this source, 
at 14 gallons per ton of coal, should accordingly be about 20,000,000 
gallons yearly. This production would adequately supply the basic 
raw material for the aniline dyes and many of the refined “coal-tar 
products” consumed in this country. The content of pure benzene 
in the crude light oil stripped from gas is between 65 and 75 per cent. 

The coke-oven operators have indicated their willingness to 
increase their production of “benzol” as the increasing demand from 
chemical manufacturers or other consumers justifies additional 
investment in plant. 


THE COAL-TAR PRODUCTS. 
CREOSOTE OIL. 


Between 90,000,000 and 100,000,000 gallons of creosote oil, valued 
at nearly $6,000,000, were consumed in the United States in the year 
1913 for the impregnation and preservation of wood. Probably half 
of this consumption was for the treatment of railroad ties, and most 
of the remainder for paving blocks, piling, and structural timber. 
Two-thirds of the entire consumption was imported. 

Coal tar yields 15 to 30 per cent of creosote oil, according to the 
kind of tar, grade of oil, and the softness desired in the residual pitch. 
The light oil stripped from gas does not yield creosote. Water-gas 
tar also yields no creosote, in the strict sense of that term, although 
the tar is used for creosoting. 

The main supply of creosote oil must be sought in coke-oven tar, 
and the present production of this can not meet more than one-third 
of the demand. Gas-retort tar may supply 6 or 8 per cent more. 

Certain heavier fractions of tar, notably anthracene oil, after 
chemical treatment are successfully used both in this country and 
abroad for preserving wood, but their use will not relieve to any large 
degree the urgent demand for creosote. 

American coals and American tars can and do yield creosoting oils 
of satisfactory quality. The present serious shortage in the supply 
can be met only by increase of by-product coking operations and by 
immediate establishment of new coal-distillation processes especially 
adapted to the recovery of by-products. 


LIGHT OILS, ‘‘BENZOLS,’’ AND SOLVENT NAPHTHAS. 


The light oil distilled from tar contains benzene, toluene, xylene, 
and small proportions of other compounds. Probably 3,000,000 to 
5,000,000 gallons of light oil were obtained from tar in the United 
States in 1913, and used for solvents, cleansers, pitch-paint thinners, 
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gas enrichment, and other purposes. This distillate of tar is the 
source of aniline dyes, certain nitrocompounds used in explosives, and 
various photographic chemicals, medicines, and drugs, which are 
largely used but not manufactured in the United States. 


HEAVY TARS AND PITCH PRODUCTS. 


The heavy tars and pitches obtained as the residuum from distilla- 
tion of the oils constitute 50 to 80 per cent of the original coal tar, and 
their profitable disposal is consequently of large commercial impor- 
tance. The heavy tars and oils, and the soft pitches find application 
as road binders and road-treating oils, in roofing papers, roofing 
pitches, and protective and waterproofing paints. Hard pitch, 
which remains after distillation of the anthracene-oil fraction, is used 
chiefly for briquetting finely divided fuels. This use of pitch has not 
been largely developed in the United States and about 100,000 barrels 
of pitch were exported during the year 1913. New uses for hard 
pitch, particularly in the electrical industries, are being developed in 
this country. 

The naphthalene and anthracene required for making certain dye- 
stuffs could be extracted from these heavy fractions without detri- 
ment to their use for the other purposes named above. 


DYESTUFFS. 


A detailed discussion of coal-tar dyes is not within the scope of this 
paper, but a brief outline of their classification and derivation is 


presented.? 
ANILINE DYES, 


Aniline dyes are made chiefly from benzene, toluene, and phenol, 
through the preparation of nitrosubstitution products of these and 
various complicated chemical transformations and combinations with 
other materials. ‘‘ Aniline oil,”’ the crude intermediate product made 
by reduction of nitrobenzene, was imported into the United States in 
1913 to the amount of 2,000,000 pounds, and aniline salts, also an 
intermediate product, to the amount of nearly 5,000,000 pounds. 
The aniline dyes manufactured in this country are made almost 
entirely from imported intermediate products. Since 1911, however, 
aniline itself has been manufactured on a very small scale at one or 
two plants in the United States. 

The quantity of aniline dyes consumed in this country annually 
would probably not require over 3,000,000 gallons of ‘“benzol,’’ 
although such an estimate is exceedingly uncertain in the absence of 
definite information as to the’relative quantities of the different dyes 


a Fora comprehensive treatment of this subject from an industrial standpoint, see ‘* The industry of 
the coal-tar dyes,’’ by B. C. Hesse, Jour. Ind. Eng. Chem., vol. 6, 1914, p. 1013. 
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used. In making the dyes many other chemicals are used, such as 
sulphuric, nitric, and acetic acids, caustic alkalies, alcohol, zinc dust, 
sodium nitrite, chlorine, and bromine, for the supply of which America 
is not, for the most part, dependent on imports from Europe. 


NAPHTHOL DYES. 


Naphthalene is the source of a large number of dyes produced 
through various intermediate products such as the naphthols, naph- 
thylamines, and phthalic acid. The eosin dyes are derived from 
resorcin, a benzene product, and phthalic acid, a naphthalene product. 
Artificial indigo, made from naphthalene, was imported into the 
United States in 1913 to the amount of nearly 8,000,000 pounds, 
valued at $1,150,000. Naphthalene enough for making the dyes of 
this class used in America could be obtained from the domestic pro- 
duction of coal tar. Average tar carries between 5 per cent and 10 
per cent of naphthalene, which is derived largely from the middle 
and heavy oil fractions. 


ALIZARIN DYES. 


Alizarin dyes are made from anthracene by its oxidation to anthra- 
quinone and the conversion of this into various hydroxy-anthra- 
quinones and their derivatives, the alizarins, purpurin, etc. An ade- 
quate supply of anthracene for these dyes is at hand in American coal 
tar. Between 1 per cent and 2 per cent crude anthracene is con- 
tained in coal tar, and the amount of pure anthracene in the tar 
produced in the United States in 1913 was probably at least 8,000,000 
pounds. In the same year the imports of alizarin dyes were more 
than 8,000,000 pounds, valued at $1,825,000. 

Other coal-tar dyes, not classifiable under the headings given, are 
used, but the classes named above cover practically all of the more 
important dyes. 

CARBOLIC ACID. 


Pure phenol (or carbolic acid) occurs in the light and middle oils 
or in the special ‘‘carbolic-oil” fraction of coal tar. Between 0.3 and 
1.0 per cent of the average crude tar is phenol. It may be manu- 
factured synthetically also from benzene through benzene-sulphonic 
acid. About 8,300,000 pounds of carbolic acid were imported into 
the United States in 1913. Probably 8,000,000 pounds was contained 
in American coal tar, as produced, but only a very small amount was 
manufactured in America. 

Phenol is used not only as a drug and antiseptic, but also to a con- 
siderable extent in the manufacture of picric acid for explosives and 
of certain dyestuffs. Another commercial use of growing importance 
is the manufacture, by condensing phenol with formaldehyde, of hard, 
infusible, amorphous substances resembling celluloid. 
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MISCELLANEOUS CHEMICALS AND DRUGS. 


Benzoic and salicylic acids, the photographic developers, mono- 
methylparamidophenol (‘‘metol,’’ “rhodol,” or ‘“elon”), hydro- 
quinone, etc., many drugs, such as acetanilide, acetphenetidin (phena- 
cetin), saccharin, antipyrine, acetyl salicylic acid (aspirin), phenol- 
phthalein, and a great variety of other refined chemical products used 
in comparatively small quantities, are derived from coal tar, chiefly 
from the light-oil or carbolic-oil fraction. A large part of the amount 
consumed in the United States has been imported. 
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COAL-TAR PRODUCTS USED IN MAKING EXPLOSIVES. 
By C. G. Storm. 
INTRODUCTION. 


The coal-tar products of greatest importance as raw materials in 
the explosives industry of the United States are benzene, toluene, 
naphthalene, and phenol (carbolic acid). These materials are em- 
ployed in the manufacture of the various nitrosubstitution products 
which have gradually found such wide application either as explo- 
sives or as ingredients of explosive mixtures. 

As explosives the nitrosubstitution products of coal-tar derivatives 
are used as bursting charges for explosive projectiles, torpedoes, and 
mines, and also for detonators and primers. As ingredients of explo- 
sive mixtures they are used (1) in various low-freezing or nonfreezing 
mining explosives to lower the freezing point of such mixtures; (2) 
in certain colloidal or gelatinized explosive mixtures, where their 
property of forming colloids with the so-called ‘‘soluble nitrocellu- 
lose”’ is utilized to produce explosives that are plastic; and (3) in 
various other types of explosives for the purpose of imparting some 
desired characteristic. The most commonly known blasting explo- 
sives used in this country, black blasting powder and “straight” 
nitroglycerin dynamite, contain no coal-tar derivatives. 

In order to avoid the formation of products having inferior sta- 
bility, it is generally essential that the benzene, toluene, or other raw 
material used in the preparation of the nitroderivatives should be of 
a high degree of purity. 


NITROBENZENES. 


Mononitrobenzene, commonly known as “‘oil of mirbane,’’ is little 


used in the explosives industry because of its volatility, although it 
is sometimes used as a minor constituent of certain low-freezing 
dynamites and other types of explosives. It is used much more 
extensively in soaps, lubricating greases, etc., mainly for the purpose 
of imparting a more or less agreeable odor. Furthermore, it forms 
an intermediate product in the preparation of aniline and its many 
derivatives. 

Among the aniline derivatives of importance are tetranitroaniline 
and tetranitromethylaniline, both of which have in the past few years 
assumed prominence as detonating explosives for projectiles, mines, 
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and torpedoes. Many other derivatives of aniline have been found 
to be applicable as stabilizers or as gelatinizing agents in nitrocellu- 
lose smokeless powders. Among such substances are methyl] or ethyl 
phenyl urea, phenyl benzyl ether, phenylacetanilide, formanilide, and 
diphenylamine. The latter is, however, the only one which has been 
used in this country. 

NITROTOLUENES. 

The nitrotoluenes are more extensively used in the explosives 
industry than any other nitrosubstitution compounds, being employed 
chiefly for sensitizing certain types of ammonium-nitrate explosives 
and for lowering the freezing point of the low-freezing dynamites. 

In the absence of exact statistics, a rough estimate places the 
amount of the various grades of nitrotoluenes used in the low-freezing 
dynamites manufactured in this country in 1913, at about 2,000,000 
pounds, while in the ‘“‘permissible” explosives employed in coal 
mining probably 250,000 pounds of the same materials were used 
during the same year. 

Pure crystalline trinitrotoluene has proved one of the most efficient 
explosives for use in explosive shells, torpedoes, and mines, and is 
extensively used by almost every important military service, including 
that of this country. In recent years it has also come into use as a 
substitute for a large proportion of the mercury fulminate in deto- 
nators (blasting caps) and as a charge for detonating fuse. 


NITRONAPHTHALENES. 


The nitronaphthalenes are used to some extent, chiefly as sensi- 
tizers in the ‘“‘short-flame”’ permissible explosives of the ammonium- 
nitrate type. Certain derivatives of these compounds, the alkaline 
salts of nitronaphthalene sulphonic acids, produce, when mixed with 
sodium nitrate and other ingredients, explosives suitable for coal 

site 

PICRIC ACID AND PICRATES. 

Picric acid (trinitrophenol) and certain of the picrates are highly 
important as military shell explosives; the acid is also employed in 
surgical dressings for burns and wounds. 

The manufacture of these compounds depends entirely on phenol 
(carbolic acid) as a raw material. 

The possibilities of the use of the nitroderivatives of coal-tar prod- 
ucts in explosives are far greater than is indicated by the above 
brief summary. Much investigative work on such compounds is 
being carried on in this country as well as abroad, from which impor- 
tant developments in the explosives art may result. The Bureau of 
Mines has instituted a systematic research into the preparations and 
properties of these nitrosubstitution compounds with a view to study- 
ing their possibilities in the explosives industry. 
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COMMERCIAL AND ECONOMIC PHASES OF THE COAL-TAR 
SITUATION. 


By Horace C, Porter. 


The raw material for the coal-tar products consumed in America, 
omitting creosote oil, may be obtained in this country without great 
delay or unreasonable outlay of capital. It has been shown in the 
preceding paragraphs that an increase in the production of “ benzol”’ 
from coal gas, involving only an extension of the recovery process to 
the existing by-product coke plants which do not sell illuminating gas, 
would, in conjunction with the present output of tar from coal gas and 
water gas plants, furnish the requisite raw materials. To supply the 
total creosote oil consumed an increased production of coal tar will be 
necessary, and an increased investment, therefore, in coal-carbonizing 
plants. 

The establishment of chemical industries for the manufacture of 
dyes and other refined tar products in the United States will, however, 
depend upon a number of commercial factors. The uncertainty as 
to the duration of present conditions in Europe, and as to the re- 
sumption of ruinous competition at the hands of foreign manufac- 
turers, causes American capital to hesitate in entering this field. 
Although raw material may be cheaply obtained, the risk of financial 
loss in the operation of such complex and highly specialized processes 
is a real barrier to the rapid introduction of dye manufacture in this 
country, or in any country other than the one where it is now well 
established, namely, Germany. 

The Secretary of the Interior, on September 3, 1914, called together 
in conference a number of the leading manufacturers of coal tar and 
chemical and pharmaceutical products, for the purpose of determining 
what aid the Government could render in bringing about an American 
production of such coal-tar products as hitherto have been imported. 

Two definite suggestions were made at this conference: 

First, that a system should be instituted in this country whereby 
if a foreign patent is not used for manufacture within a reasonable 
time, it will be open to use by American manufacturers. 

Second, that a law should be passed whereby unfair competition 
through the practice known as “dumping” would be cut off. This 
practice, which is one of the most serious obstacles in the way of 
developing American manufacture of dyes and coal-tar drugs, con- 
sists of selling foreign products in the American market at an unrea- 
sonably low price. Since Germany’s total exports of dyestuffs are 
more than five times the amount sent to the United States, the selling 
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price of the portion sent to this country can readily be placed below 
cost as a temporary expedient. 

German patents on many medicinal preparations preclude their 
manufacture in this country. On dyestuffs, however, not many 
American patents are now in force. About 25 per cent of all the coal- 
tar dyes used are now patented in the United States, but practically 
all of those most commonly used, and the basic materials for their 
manufacture, such as crude aniline and alizarin, are not now patented 
in this country.* The patent laws, therefore, can hardly be said to be 
retarding seriously at present the development of an American dye 
industry. Their influence was undoubtedly felt at one time and may 
be of serious moment in the future, with respect to newly discovered 
dyes. 

At present the undeveloped state of the dye industry in America 
is rather to be ascribed to the great complexity of the industry, the 
continual changes in demand, the interdependence of many branches 
of the industry, and the uncertainty of establishing one or more of 
these on a profitable basis without the support of the entire inter- 
lacing fabric, the complete interchange of materials and by-products, 
and the consequent lowering of costs. For this reason an American 
industry in these products must be expected to start slowly and in 
the beginning to bring small returns to the investors. 

There seems to be much less uncertainty, however, as to the possi- 
bilities for some other manufactures, such as that of carbolic acid, 
Picric acid, and other nitro compounds, photographic developers, and 
some of the simpler drugs. Furthermore, the fact that for several 
years aniline dyes in considerable quantity have been manufactured 
in this country from imported aniline oil and crude intermediates 
indicates that the complete manufacture here of certain kinds of 
dyes is not an entirely hopeless undertaking. The preparation of 
crude aniline from benzene should not offer insurmountable difficul- 
ties, either technical or commercial; in fact, this product has been 
manufactured in a small way in this country for the last three years. 

Any apparent shortage of coal tar at the present time, or any lack 
of an ‘‘open market” for obtaining it, is not likely to continue. The 
disposal of the available supply will adjust itself to the demand. 
The coal tar produced in the United States for a number of years 
has been consumed largely by one firm of manufacturers of tar 
products, but this fact in no way prevents producers of tar from 
selecting the most advantageous market for their product. Neither 
is there reason to believe that the present manufacturers of tar 
products and of benzol will fail to direct the raw materials toward more 
refined products, such as dyestuffs and drugs, when commercial con- 
ditions justify and demand the manufacture of these products. 


@ This statement is based on a communication from Dr. B. C. Hesse, of New York. 
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PUBLICATIONS ON THE TECHNOLOGY OF COAL. 


A limited supply of the following publications of the Bureau of 
Mines is temporarily available for free distribution. Requests for all 
publications can not be granted, and applicants should limit their 
selection to publications that may be of especial interest to them. 
Requests for publications should be addressed to the Director, 
Bureau of Mines, Washington, D. C. 
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